Cranial CT for children with minor head trauma, however, is greatly over utilized. Of 134 the 650,000 children assessed annually for blunt head trauma, approximately 35% 135 undergo head CT. Of these, fewer than 10% have evidence of TBI on CT, and only 136 0.1% have an intracranial lesion requiring surgical intervention. 137 138
Over the past 10 years, CT use has more than tripled both in the U.S. and 139 internationally. Although the benefit to the individual patient can be substantial, cranial 140
CT exposes children to ionizing radiation which has been linked to the development of 141 brain tumors and leukemia. 4 Of the 600,000 cranial and abdominal CT scans 142 performed in U.S. children annually, it has been estimated that 500 might ultimately die 143 from cancer due to CT radiation. 5 Moreover, patients may undergo multiple CT 144 examinations over a lifetime, and the cumulative radiation dose often exceeds the 50 145 mSv threshold 6 that has been linked to the development of cancer among atomic bomb 146 survivors.
7 147 148 Although there is considerable controversy about the potential risks associated with 149 radiation exposure from CT, all would agree that we should only use as much imaging 150 and radiation as is necessary for patient-centered care and nothing more. 151 152
In response to the public health implications of radiation exposure from CT, the 153 National Cancer Institute has released a guide for health care providers that 154 recommends immediate strategies to minimize CT radiation exposure in children. The flow and process of identifying eligible patients for enrollment in the study is 330 depicted in Appendix 2. 331 332
Given the relatively limited number of pediatric clinicians at each site and the great 333 degree of familiarity with the PECARN head CT decision rules across the specialty of 334 pediatric emergency medicine, randomizing at the patient level is associated with a 335 significant risk of contamination of the intervention. As such, we will randomize at the 336 clinician level to limit contamination. 337 338
Informed consent will be obtained from clinicians at each site prior to enrollment of 339 that clinician's parent/child dyad. After clinician consent is completed, the site study 340 coordinator will contact the statistical team (Branda/Inselman) with enrollment 341 information via email. The statistician will centrally randomize the clinician and 342 communicate that to the site principle investigator and study coordinator. 343 344
Informed consent will also be obtained from the parent/guardian of a child with minor 345 head trauma. To assess the reach of the trial, study coordinators will record parents who are enrolled 418 as well as those who were assessed for inclusion. The criteria for inclusion that the 419 parents' child did not meet will be captured along with declines by the parent. This will 420 allow us to measure participation and representativeness of the trial. 421 422
The enrolled parents' data will be collected via surveys prior to and after the encounter 423 with the clinician where the disposition discussion took place. A study coordinator will 424 collect data from the EMR for registration/randomization, and all subsequent data from 425 time of initial visit for head trauma to 7 days after for follow-up to assess utilization 426 and safety of the child of the enrolled parent(s). The types of resource utilization 427 captured during the 7 day follow-up include: imaging data, outpatient visits and 428 procedures, and inpatient hospitalizations (including admission and discharge dates, 429 reason for admission, neurosurgical procedures, and discharge destination). The study 430 coordinator will also obtain the PECARN risk estimate for each child whose parents 431 provide consent. Parents will be provided a form on which to document this 432 information at discharge from the ED or the hospital. This will allow for a more 433 standardized collection of these data. We will also request that parents save all their 434 healthcare bills that they receive during this 7-day period. The parent will be contacted 435 7 days after enrollment via phone (primary method of contact) False, or Unsure), and the parent(s) will receive a score of 1 for a correct response and 503 0 for incorrect where any response of 'Unsure' will be considered incorrect. An overall 504 score will be calculated by summing the correct responses and dividing by the number 505 of questions asked. Surveys where parents' choose to not respond to any survey 506 questions will be considered as missing. If at least one knowledge question is answered 507 then the parent(s) will be considered as a responder and assessed for this outcome, 508 where non-responses will be coded as incorrect. 509 510
Parent engagement in the decision making process: We will measure the degree to 511 which clinicians engage parents' in decision making using the validated OPTION 512 scale. 22 The OPTION scale will be assessed by having 2 observers at the central 513 coordinating site independently review and score 20% of the videos and upon 514 agreement being found they will divide up the remaining videos of the encounters and 515 review independently. The OPTION scale is composed of 12 items with a value of 0-4; 516 they are summed, divided by 48 and then multiplied by 100. This creates a score that 517 ranges from 0-100, where higher scores are reflective of a higher level of parental 518 engagement. 519 520
Fidelity: We will measure the degree to which the intervention is implemented as 521 intended in both intervention and control groups when reviewing the recordings. The 522 recordings in the intervention group will serve as a measure of the fidelity with which 523 the intervention was delivered as intended. We will use a checklist of elements present 524 and absent for quantification of implementation. 525 526 527
Decisional conflict: We will measure the degree of conflict parents' experience related 528 to feeling uninformed using the validated Decisional Conflict Scale (DCS Proportion of children who undergo cranial CT: The study coordinator enrolling the 552 parent(s) will ascertain this in real time and confirm the data by health record review of 553 the child of the enrolled parent(s). 554 555
Healthcare utilization: We will assess healthcare utilization for the subsequent 7-days 556 after the ED visit. Healthcare utilization will include measures such as hospitalization, 557 re-hospitalization, primary and specialty visits, and diagnostics including CT use which 558 will be obtained via a health record review, review of itemized hospital charges on the 559 UB-92 and UB-04 forms (summary billing statements), and parental report via the 7 560 day follow-up by the study coordinator. The parent self-report will capture any ED 561 readmissions, outpatient and subspecialty visits, the number of each type of outpatient 562 visit, imaging data, procedures, and inpatient hospitalizations (including admission and 563 discharge dates, reason for admission, neurosurgical procedures, and discharge 564 destination). To assist parents in collecting utilization data, we will provide a form to 565 document this information at discharge from the ED or the hospital. This will allow for 566 a more standardized collection of these data if parents receive care at a location other 567 than the primary institution. We will also identify patients who receive a significant 568 portion of their health care at the participating centers. For these patients, we will 569 compare the patient reported utilization to the data from each institution's electronic 570 medical record and administrative billing data, where available and feasible. 571 572
Safety: We will assess safety by comparing the rate of clinically-important TBI in each 573 arm of the study. We will define clinically-important TBI as we did in our prior study: 3 574 death from TBI, intubation for more than 24 hours for TBI, neurosurgical procedure, or 575 hospital admission of 2 nights or more associated with TBI on CT. We defined this 576 outcome to exclude brief intubations for imaging or overnight admission for minor CT 577 findings. We sought a meaningful measure for clinical decision-making which also 578 accounted for the imperfect specificity of CT (i.e., false positive scans that might result 579 in overnight admissions). Site investigators, blinded to ED data, will verify outcomes 580 by medical record review. CT scans will be obtained at the ED clinician's discretion 581 with helical CT scanners and interpreted by site faculty radiologists. A faculty 582 radiologist, unaware of clinical data, will make definitive interpretations of 583 inconclusive CT scans. Study coordinators will contact parents of children with minor 584 head trauma starting at 7 days to ensure that no outcomes are missed. Medical records 585
and imaging results will be obtained if a missed TBI is suggested at follow-up. If a 586 ciTBI is identified, the patient's outcome will be classified accordingly. If we are 587 unable to contact the patient's guardian by telephone or any secondary means of contact 588 provided at the time of consent, we will review the medical record, emergency 589 department/trauma process improvement records, and county morgue records, to ensure 590 that no discharged patient is subsequently diagnosed with a ciTBI. 591 592 4.7.4 Clinician reported outcomes 593 594
Satisfaction: We will assess clinicians' satisfaction by asking questions regarding the 595 helpfulness and satisfaction with the way information was shared during the encounter 596 using a 7-point Likert scale. 597 598
Preference: Clinicians will identify their preference in decision-making style after the 599 encounter with each enrolled parent(s) (Control preference scale). 21 This scale contains 600 5 levels which will be reported as frequencies and counts along with correlation to the 601 patients reported control preference scale. 602 603 4.8 Statistical Analysis 604 4.8.1 Analysis Plan 605 606
We will conduct the study according to the intention to treat principle, including all 607 parent-children dyads in the arm to which they were randomized, regardless of whether 608 they received the intervention assigned. We will adhere to the CONSORT guidelines to 609 transparently report study results and ensure that sufficient information is included to 610 allow for assessment of the study's internal and external validity. 611 612
We will compare outcomes between study arms using t-tests for continuous outcomes 613 and χ 2 tests for dichotomous outcomes, adjusted for clustering by clinician and 614 stratified by study site 27 . If there are differences in baseline characteristics between the 615 two study groups, these will be accounted for using hierarchical generalized logistic or 616 linear regression models that include an indicator for study arm 28 . 617 618
We will perform descriptive analyses to describe any potential heterogeneity of 619 treatment effect (HTE) and facilitate synthesis of subgroup results in future meta-620
analyses. We will conduct descriptive HTE analyses by age, gender, parent 621 race/ethnicity, GCS score, and level of parental education (collected in post-visit 622 surveys). The outcomes assessed with HTE analyses will be the same as those assessed 623 in the trial (e.g., patient-centered outcomes such as parental knowledge, engagement, 624 satisfaction and healthcare utilization). We will also conduct interaction testing to 625 determine the interaction between the decision aid and each pre-specified patient 626 characteristic. 627 628 4.8.2 Missing data 629 630
We will make every effort to minimize missing data. Trial enrollment and the fidelity 631 of follow-up procedures will be reviewed during monthly conference calls. In our pilot 632 trial of the Chest Pain Choice decision aid only 2% of patients were unable to be 633 contacted by phone at 30 days for follow-up, indicating that study data were 98% 634 complete. A study biostatistician will conduct frequency reports to assess for missing 635 data, and the study team, which is experienced in conducting multicenter trials, will 636 trouble shoot any problems encountered. Patients with missing outcome data will not 637 be included in the assessment of that outcome. We will report rates of missing data for 638 each outcome by study arm and known reasons for missing data. For data elements that 639 are used to adjust study comparisons we will use multiple imputation to account for any 640 that are missing at random (MAR Patient knowledge will be the primary outcome, as it was considered to be the most 645 important endpoint by our patient representatives on the ED Patient Advisory Council. 646
In order for the study findings to maximally impact practice and policy, however, we 647 will need to be adequately powered to detect differences in the outcomes of interest to 648 each of the stakeholders. 649 650
Accounting for a lost to follow-up rate of as high as 5% (there was 2% lost to follow-up 651 in our pilot trial), approximately 75 clinicians (assuming an average of 15 652 clinicians/site) will enroll 950 patients. This will provide the following power to detect 653 differences in each of the patient and stakeholder-important outcomes (using a 2-sided 654 hypothesis test and an alpha of 0. 
Data management 724
All sites will be required to use the current version of all documents and forms and 725 adhere to the study schedule. Study sites will transcribe subject source data into eCRFs 726 using REDCap for registration and data collection. The REDCap system is a HIPAA 727 compliant secure data entry system that allows for validated data entry, edit checks and 728 logs of all data changes. 729 730
All subsequent data (parent eligibility criteria, EMR review, parent survey (pre and post 731 encounter), clinician survey and the parent 7 day follow-up) will be captured in the 732
REDCap system by the site study coordinator.. A copy of the signed consent, case 733 report form assessing parent/child eligibility, where the clinician signs-off along with 734 copies of all surveys (parent and clinician) will be uploaded into REDCap as a PDF or 735 word document or sent into the coordinating center, if the site does not have the 736 capability to scan and upload files, and transferred into electronic storage behind the 737
Mayo Clinic firewall in the study folder where only approved staff has access. All 738 paper copies provided to the coordinating center will be destroyed after the transfer has 739 been completed. 740 741
The data within REDCap can be accessed by the statistical team at any time and 742 downloaded into a statistical software package. The statistical team will review the 743 data on a monthly basis to ensure data accuracy and completeness. All data, 744 documents, and analysis findings will be housed within the Mayo Clinic system that is 745 password protected and backed up on a nightly basis. The data will be stored within the 746 secure system for seven years following completion of the study. 747 748 749 
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